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At present there is no generally accepted technique for determining the response 
of high voltage dividers to fractional microsecond impulse waves. This paper describes 
a method which uses a low voltage cable-type pulse generator and a high speed oscil- 
loscope as the basic tools, A technique for calibrating the oscilloscope amplifier 
and the associated input attenuators is described, The effects of such parameters 
as total divider resistance, divider length, and connecting lead lengths have been 
investigated. The accuracy and limitations of vertical resistance dividers for 
measuring steep-front waves are evaluated. 


INTRODUCTION 


High impulse. voltages are generally measured by means of a cathode ray oscillo. 
graph and a voltage divider, with resistance, capacitance or mixed resistance- 
capacitance dividers all being employed, The accuracy of such a svstem.is determined 
primarily by the response characteristics of the divider since the oscillograph'intro- 
duces negligible waveshape distortion and can be easily calibrated, 


The response of high voltage dividers has received attention by several investi- 
gators, but much of the published work is based upon theoretical calevlations with 
little experimental verification. In addition, the response to steep front waves has to a 
large extent been neglected, although the amplitude errors for such waves are generally 
greater than for full waves or waves chopped on the tail. For the purposes of this 
paper a steep front wave is defined as a linearly rising wave which chops abruptly to 
zero at crest time. In some of the literature such a wave is referred to as a front- 
chopped wave, 


The present investigation has a two-fold objective: 

1. To develop. an experimental technique for checking the performance of a divider 
system as a whole. The divider system is taken to include the leads from the divider 
to the test object and the deflection cable from the divider to tlhe oscillograph 
deflection plates. 

ae LO investigate the limitations of presently used resistance dividers, 


EXPERIMENTAL TECHNIQUE 


Other investigators have used one or more of the oe techniques for evalu- 


ating divider systems, — 


1. Theoretical calculations based upon known or assumed 4 parameters, generally 


with a few simplifying assumptions about the effects of some parameters,t9<9)s 


2-e Sustained ee response testsusually extending well into the megacycle 
frequency region, 


== 


| Be eonbats san against a standard device such as a sphere gap or a standard 
divider, 


4. Tests with low voltage impulse waves using a high quality amplifier to 
amplify the divider output wave for direct comparison with the input wave. Such 3 
tests may involve a comparison of input and output waveforms, amplitudes, or both. a 


Theoretical calculations are generally necessary to gain a thorough understanding 
of the principles involved, but reliance on calq lations alone without experimental 
verification can be misleading. This is particularly true when, in problems such as 
this one, certain assumptions must be made both as to the magnitude of some of the 
parameters and their effect on the overall system, In making sustained frequency 
tests it is fairly easy to measure the relative amplitude of the input and output 
waves, but it is difficult to measure their relative phase. Since knowledge of 
the relative phase of the various frequency components is necessary to define 
the response to a impulse wave, a sustained frequency amlysis based on amplitude 
alone is not sufficient. : 


| Comparison against a standard device has the obvious disadvantage that one does 
not know the quality of the standard without testing it. If the standard could be 
tested then the same test would suffice to check the divider in question; | | 


Tests with low voltage impulse waves and an amplifier are feasible provided the 
amplifier response is much faster than the system being tested. Amplifiers with rise 
times as fast as 0.01 microsecond are now commercially available and it can be demon- 
strated that they are suitable for testing dividers with waves cresting at 0,05 
microsecond or longer. 


With due consideration to the various possible methods it was decided that the 
amplifier technique offered the best means of experimentally checking a complete 
divider system. A testing technique yielding data on the relative amplitude as 
well as waveshapes of the divider input and output waves was devised. The basic tools 
for these tests were a high speed oscilloscope and a square wave pulse generator. The 
oscilloscope employs an amplifier having an overall rise time of 0.012 microsecond. 
The input circuit consists of compensated attenuators giving a deflection sensitivity 
on the screen ranging from 20 v/cm to 0,02 v/em. Sweep rates as fast as 0,02 psec/cm 
are provided. The pulse generator was a cable type generator employing 75 ohm 
coaxial cable discharged through a mercury wetted contact relay. Two output circuits 
are provided, each with a 75 ohm ladder type attenuator which can introduce up to 8), 
db attenuation, 


since comparisons of the amplitude of the input and output voltages of the divider 
were to be made it was necessary to determine the relative sensitiwity of the various 
input attenuator positions of the ostilloscope. Basically this was done by applying 
two voltages differing by a known ratio; and observing the deflection caused by each 
of these volteges, Deferring for the moment the problem of determining the true 
voltage ratio, the procedure is this: | 


1. Apply a high voltage V with the input attenuator set on a low sensitivity 
position S and observe the oscilloscope deflection Y. 


ues 


| 2. Apply a low voltage V’ with the input attenuator set on a high sensitivity 
position S'’ and observe the orca OF rere deflection Y', 


The sensitivity ratio for the two attenuator positions is then 


-ixl (1) 


The two voltages, V and V', were obtained by introducing attenuation with the 
output attenuator of the pulse generator and were measured by means of a d.c bias 
voltage using the circuit shown in Fig. 1. ‘The operation of the circuit is as 
follows: 


1. With no pulse applied to the system adjust potentiometer F, until Vo equals 
the average voltage on the sweep plates in order to avoid defocusing of the electron 
beam, Then set potentiometer Py so that V7 oar zero and mark the reference posi- 
tion of the beam, e 


2. With pulse voltage V applied adjust potentiometer P, until the crest of the 
wave is at the reference position marker. The d-c voltage Vj 1s, then equal 
to the crest amplitude of V. | 


3. With a different pulse voltage V' applied adjust | i) to bring the crest of the 
wave to the reference marker, V1! is then equal to the crest amplitude of V'. 


The ratio of the two voltages is then 
ve a Vy! (2) 


Having established the ratio of the voltages, equation (1) can be solved for 
the relative sensitivity of two attenuator positions. 


The output of the attenuators was also examined for waveshape distortion and 
for the waves used in this investigation the distortion was negligible. 


TESTS ON DIVIDERS 


The circuit used for checking high voltage dividers is shown in Fig. 2. When 
the charged generator cable is discharged into the matching resistor network a 
square pulse of length equal to twice the travel time of the generator cable will 
be developed at point A (Figure 3A). This pulse is then modified as desired with 
the pulse shaping network and inverter cable shown. If the time constant of the 
pulse shaping network (charging through 75 ohms) is long compared to the length 
of the voltage pulse at point A the voltage developed at point B will be nearly 
triangular as shown in Figure 3B. A pulse approximating the ideal steep front 
wave will be developed if at time t] a square wave of proper amplitude but of 
opposite polarity to the wave at A is injected at point B. The inverted wave is 
obtained by usingan inverter cable as shown in Figure 2, The resulting wave at 
point B will then have a hearly linear rate of rise up to time t) and a rapid fall 
_to zero at tj (Figure 3C). The waveshape between times t] and to can be kept near 
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zero by the proper choice of pulse shaping network parameters and generator cable 
lengths, The time at which the inverted pulse is applied, that is the chop time, 
depends on the length of the inverter cable while the amplitude of the inverted 

pulse depends on the amunt of attenuation introduced by attenuator B. 


Pulses so generated were applied to the top of the test divider through a 
Sloping lead. Since the line lead should be considered as part of the voltage 
divider the input voltage was measured at the input end of the lead, The divider 
input and output voltage waves were passed through equal lengths of’ 75 ohm coaxial 
cable to the oscilloscope to eliminate the effects of all measurement time delays 
except those inherent in the divider circuit. 


The divider input and output waves were both applied to the input of the oscil- 
loscope and the calibrated attenuator was used to obtain the proper deflection on 
the screen. The input attenuators were used to keep the voltage applied to the 
amplifier itself nearly the same, whether measuring the divider input or the response 
wave, In this manner the gain of the ampMifier was held constant so that any slight 
amplifier distortion would affect both the input and response waves and so tend to 
be nullified, When measuring the divider output wave the divider input measuring 
cable was left connected, but was terminated at the oscilloscope end with the same 
values of resistance and capacitance presented by the oscilloscope. This was done 
to insure that the voltage applied to the divider was not changed when the divider 
input cable was disconnected from the oscilloscope, 


TYPES OF DIVIDERS TESTED 


The dividers tested were vertical resistance dividers of the same construction 
as is presently wsed by the authors! company for both laboratory and commercial 
impulse measurements, A tabulation of the dividers tested, giving the pertinent 
physical and electrical characteristics may be found in Table I. The high voltage 
resistance elements were non-inductive wire wound resistance cards with the winding 
occupying approximately 8" of a 10" x 2-1/2" x 3/32" winding form. A double 
winding technique was used with two strands wound in opposite directions and crossing 
over at the wide flat portion of the card, Each card will withstand a 50 kv full 
wave or a 75 kv steep-front wave without experiencing excessive temperature rise. 
The low voltage resistance elemients were non-inductive wire wound vitreous enameled 
resistors wound on 1" x 9/16" cores, The equivalent rating for these resistors 
would be 12-1/2 watts, The high voltage resistors were mounted in a vertical 
rack in a zig-zag manner such that each resistor contributed 8" to the divider 
height , 


The divider line lead consisted of #16 copper wire, and the ground end of the 
divider was connected to the common ground system of the measurement cirmit with 2" 
wide aluminum foil. The effective ground plane for the dividers consisted of the 
bonded reinforcing steel and radiant heating system in the building floor, All verti- 
cal ground plares, such as building walls, were at least two divider heights removed 
from the divider. A sketch of the physical layout ofthe test circuit is shown in 
Fipure 7. 


DIVIDER PARAMETERS 


The residual inductance, and for some cases the effective resistance of the cards 
and the low voltage resistors were measured with a radio frequency bridge. The L/R 
ratio of all high voltage cards used is shown on Figure. The inductance of each 
divider tested was obtained from this figure. The effective resistance as a function 
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of frequency for several cards is shown on Figure 5, While the resistance increases 
with increasing frequency, the experimental results indicate that inductive and capa- 
citive effects are sufficient to explain most of the phenomena encountered over the 
range of steep-front waves investigated, 


Total divider capacitance to ground was measured by isolating the line end of the 
divider and measuring at the bottom end with a capacitance bridge. The measured capa- 
citance was dependent only on the number of cards used to make up the divider and inde- 
pendent of the resistance per card, Total measured divider capacitance versus the 
number of cards is shown on Figure 6, ; 


BXPHRIMENTAL RESUITS 


Response Wave Shapes 


Resistance dividers ranging from 1050 ohms to 7000 ohms and from 7 cards (4.7 feet) 
to 28 cards (18.7 feet) were tested. Three types of waves were used: a square wave 
with a front of 0,902 microseconds and a duration of 1.5 microseconds, steep front waves 
having a linearly rising front and a sharp cut-off, and triangular waves having a 
linearly rising front and linearly decaying tail. The front time of the square wave 
was measured by direct insertion to the oscilloscope plate system without using the 
amplifier, Oscillograms of the various applied waves and the corresponding divider 
response waves are shown in Figures 8 through 11. These oscillograms are gcrouped to 
show the effect of divider length, divider resistance and waveshape, . Figure 8 shows 
the response of 7000 ohm dividers having different lengths, Figures 9 and 10 show 
the response of dividers of a fixed length, but different resistances while eet Lede 
shows the effect of waveshape. 


The wave applied to the divider line lead and the response wave measured at the 
oscilloscope end of the deflection cable were recorded on the same oscillogram., Since 
the oscilloscope was triggered in all cases from the pulse generator the time displacement 
between the applied and response waves represents the travel time through the line lead 
and the divider, as well as the distortion caused by the circuit parameters of the 
divider, Since the oscilloscope sensitivity ratio could not be changed by the same 
factor as the divider ratio, the response waves shown on the oscillégram are not 
directly comparable. Before comparing amplitudes the response wave height should be 
multiplied by the correction factor n which appears on each oscillogram where 


n= divider resistance ratio __ 
Oscilloscope sensitivity ratio 


Wave —vomponent § 


it is evident that the divider distorts the applied waveshape to some degree, ‘but 
in most cases the response wave crests at or only slightly later than the crest of the 
applied wave, In some cases where the response wave does not reach its maximum ampli- 
tude until later there is at least a dip in the response wave at the trest time, A 
particularly vivid example is seen in oscillogram 558, Figure 8, The shapes of these 
various response waves are best explained by visualizing a steep front wave as being - 
made up of three components as shown in Figure 12, | 


1. A linearly rising portion (1A) starting at zero time and continuing indefinitely. 


eo A linearly descending portion (2A) with the same slope, but starting at chop 
time. 
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3. A square wave (3A) of the same amplitude as the crest of the coast 
wave, but of opposite polarity, also starting at chop time. 


The response wave is the sum of the responses to these three components as 
shown at the bottom of Figure 12. The response to the two linear portions was® 
obtained by extrapolating the first portionsof the actual response wave while ‘ 

the square wave response was obtained from oscillogram 563. The sum of the three 

response waves is a wave with a dip or saddle after the applied wave crests, The | 
response wave does not drop rapidly just at crest time since the negative components | 
of the response wave are small for a certain period of time after the true crest and | 
so subtract only slightly from the response to the linéarly rising component. The saddle 
and other oscillations noted on oscillograms 558 and others are due to the oscillating 
response to the square wave component. This oscillating square wave response is a 
manifestation of the inductance and capacitance of the divider systen. 


Effect of Line Lead 


Figure 8 shows the response of a 28 card, 7000 ohin divider with and without 
a 30 foot line lead, The response with no line’ lead was measured by bending the 
divider and bringing the line end back down to the pulse generator. This changed 
the capacitance characteristics of the divider slightly but the results:at least 
indicate the approximate effects of the line lead. 


It will be noted that with the line lead the response wave crests approxi- 
mately 0.03 microseconds after the applied wave, which is the time required for the 
wave to travel through the 30 foot line lead, Without the line lead, the first 
crest of the response wave occurs at the same time as the applied wave crest. . This 
time delay introduced by the line lead does not in itself distort the response wave | 
since all portions of the wave are similarly delayed. However, an oscillation is 
set up between the inductance of the lead and the effective line end capacitance 
of the divider. The period of this oscillation for the 28 card divider is 0.15 
microseconds. Assuming the line lead to be 15 ph (0.5 ph per foot) ‘thé effective Line-end 
capacitance of the divider is 38 ypf compared to the total divider capacitance to 
ground of 82 ppf. The effect of the line lead oscillation on the magnitude of the 
response wave will be discussed later. 
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Internal Oscillations 
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Oscillations in the response wave may also be the result of the divider oscil- 
lating within itself. Figure 10 shows that as the resistance of the 7 card divider 
is decreased, the oscillations of the square wave response increase, Since the 
line lead Spenco ee and divider line-end capacitance remained the same, the 
increasal magnitude of the oscillations must be due either to oscillations within 
the divider or to decreased damping of the line-end oscillation by the divider 
resistance, The latter does not appear to be likely since the divider resistance 
acts in parallel with the line lead inductance and line-end capacitance for damping. 
Thus when the divider resistance was decreased, the oscillations would have decreased. e 
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An equation for the response of a divider having resistance and inductance in 
sefies and capacitance to ground is given by J. H. Hagenguth* for a square applied > a 
wave. From it the critical damping resistance for the fundamemtal oscillation is 


ye 
R= 20 C 


(2) 


By fis 


and the period of oscillation is 


T = 2Vic (1) 


Calculated periods, critical damping resistances and the measured periods are 


7 Card Divider 7 Card Divider 
7000 Ohms 1050 ohms 
Calculated Period | 0.08 psec 0.06 psec 
Calculated Damping Resist, 7900! ohms — 5800 ohms 
Measured: Period | 0.05 ywSec 0.07 psec 


These calculations indicate th, t the 7000 ohm divider should be essentially 
damped, yet the square wave response is oscillatory. Since the calculated period 
of oscillation does not agree with the measured value, 0.08 psec versus 0,05 psec, 
the oscillation of the 7000 ohm divider is probably due to the line lead inductance. 
Using 4.5 ph for the line lead inductance and 14 ppf for the line end capacitance 
of the divider the period of oscillation is calculated to be 0,05 psec which is 
.the same as the measured value again indicating that the oscillation is due to 
the line lead, The capacitance value of 1h yf was obtained by mltiplying the total 
capacitance (31 ppf) by the retio of line end capacitance to total capacitance calcu- 
lated for the 28 card divider 


38/82 . 0.46 


The calculations also indicate that the 1050 ohm divider is under-damped and 
that the resulting period of oscillation should be 0,06 psec. Since the measured 
period is 0,07 psec,a reasonably close check, this oscillation is believed to be 
mainly internal, Part of the observed oscillation is of course due to the line 
lead, but this should have the same period as, and: should be more nearly damped than, 
the oscillation noted on the 7000 ohm divider, : 


It is evident that oscillations in the response wave may be due to either the 
inductance of the line lead oscillating with the line-énd capacitance of the divider 
or oscill&tions built up within the divider itself. The former may be controlled 
by keeping the line lead short; the latter by maintaining sufficient resistance in 
the divider to prevent oscillation. However, this is in opposition to the require- 
ment of using low resistance to obtain a low RC constant necessary for short time 
measurements as will be discussed later. 


Amplitude Response 


The amplitudes of the normalized response waves as a function of crest time of 
the applied wave are shown in Figures13, 14 and 15. The normalized response voltage 
is the actual output voltage miltiplied by the divider resistance ratio and expressed 
as a percentage of the applied voltage. These figures, like the oscillograms, are 
grouped to show the effects of such parameters as resistance, length and wave shape. 
Figure 13 shows the response of various 7009 ohm dividers of different heights and 
line lead length, Figure 14 and 15 show the response of dividers of a fixed length, 
but varying resistance, Figure 1 also shows the effect of waveshape. ‘The measured 
response voltages are shown as points connected with straight lines. For response 
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waves with a saddle and a second crest, as in oscillogram 558, the response voltage 
for each of the crests is shown. The points representing the voltage at the true 
crest time are connected by dashed lines; the points representing the crest with 
the largest amplitude are connected by solid lines. 


Allowing for the delay due to the line lead, the response of the system up to 
crest time may be approximated by the response to a linearly rising voltage of a pure 
resistance divider having only stray capacitance to ground, As pointed out in the 
appendix the error of the eros se voltage at the crest time (t) of the applied wave 
LS 


: RC 
© trror = 7, x 100 (>) 
when RC 22t and where 
R = total divider resistance 


C 


total divider capacitance to ground 


The calculated response voltage using the above equation is shown for each 
divider as a smooth solid curve. In almost all cases the error of the response 
‘voitage is less than that: PRE E ee by equation: (5).° There are Several reasons 
for this: — - ee 


1, The applied waves used duringthe investigation round over slightly near 
crest’ instead of continuing to rise linearly. Such wave shapes will allow the 
response voltage to rise nearer to the true value than would a linearly rising wave 
waLeh us sharply cutoft. 


2. Oscillations resulting from the inductance of the line lead and in the 
divider itself may increase or decréase the response voltage depending upon the 
period of oscillation aid the time at which the applied wave is chopped. It is 


evident for example that the oscillations due to the line lead of the 28 card divider 


increased the response voltage above that obtained without a line lead. See Figure 


13. 


3, The characteristics of the low voltage resistor across which the response ~ 
voltage is measured can have a pronounced effect on the response. Ideally it should 
have the same RLC characteristics per ohm as the main portion of the divider. If 
the inductance of the low voltage resistor is too large, the voltage will be greater 
than otherwise or if the capacitance is too large the voltage will be low. Time did 
not permit investigation of these effects beyond establishing that the resistors 
used were not excessively inductive or dapacitive, 


Effect of Wave Shape 


It should be emphasized that these results apply to steep-front waves with a 
rapid chop-off, A divider will reproduce a triangular wave more accurately than 
a steep-front wave. This is because the triangular wave does mt have a square 
wave component, The absence of this component allows the response wave to continue 
to rise after the applied wave has crested am to reach more nearly the correct mag- 
nitude, The improved accuracy is clearly indicated in the oscillograms of Figure 11 
and the normalized response curves of Figure 1k. 


Bole 


The fact that that the equation used above to calculate the responsé voltage 
error does approximate the actual error of the dividers, generally on the pessimi- 
stic side, is useful for examining the range over which vertical resistance 
dividers may be used, | 


The relationship between capacitance and divider length is shown in Figure 
6 and may be approximated as 3 yf per resistance card for the longer dividers, 
Since one card will withstand at least 75 kv for short duration waves the capaci- 
tance per kilovolt for a divider being used at its maximum voltage is 0.0hmgf. 
Thus the capacitance of a divider of minimm length for the voltage being measured 
is 


GC. = 0.0k ee x 10-12 farads (6) 


Substituting this factor in equation (5) gives 


% Error = 0,67 R Tk le | (7) 


This may be written in a more general form 


@ Urror = ck Viev x 100 (3) 
| 6 t 
where Vyy = steep front rating of divider and 


- in farads per kilovolt 


t 
R 


time in seconds 
divider resistance in ohms 


} ee 


Thus the error that will exist in a divider of minimum length will be propor - 
tional to the rate of change of voltage of the aoplied wave. In the commercial 
impulse testing of transformers the steep front wave for the higher voltage 
classes has a rate of rise of 1000 kv/ysec. For such tests the error will be 


% error = 670 Rx 10-6 (9) 


Assuming that 3 percent error can be tolerated the maximum value of Ris 
equal to 4500 ohms, This meansthat using a divider of minimum length for the 
voltage being measured, the resistance should not be over 4500 ohms if the error 
is to be kept to 3 percent for measurement of 1000 kv/ypsec steep front waves. 
if the divider is not of minimum length consistent with the voltage to be measured, 
or if the resistance is greater than 4500 ohms, the error will be greater than 3 
percent. The present AIEE recommendations’ considers only the time to crest and 
does not bring voltage magnitude, which involves divider height or capacitance, into 
the picture, For a 1090 kv/ypsec steep-front wave cresting at 1.2 psec a divider of 
1200 ohms is permitted. This would producean error of 8 pe-cent commred to the 
ALEE claim of 5 percent error, | 
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Waves with higher rates of rise can be measured by reducing the resistance. 
For example, a divider of 1000 ohms should be capable of measuring waves with 
rates of rise of 1,500 kv/ysec. However, as the resistance is decreased a value 
will be. reached where the divider will develop large oscillations and cause 
considerable distortion of the response wave. Inspection of Figures 14 and 15 
shows that such a condition exists at less than 0.2 psec for the @ card, 1680 
ohm divider and less than 0.1 psec for the 7 card, 1050 ohm divider. Assigning 
to these dividers a steep.front voltage rating of 75 kv per card, the rate of rise 
at which serious oscillations develop is about 10,000 kv/psec for the 28 card divider 
and and about 5,000 kv/ypsec for the 7 card divider, The reason that the 7-card 
divider has a lower maximum rate of rise than the 28 card divider is at least partly 
due to the fact that the inductance per card of the smaliidivider was: greaternthan 
for the large divider, At any rate for the range of dividers tested, having steep- 
front voltage ratings from 525 to 2100 kv and resistance values approaching a lower 
limit of 1000 ohms, rates of rise of 5000 kv/psec do not cause serious oscilla- 
tions within the divider. Thus within these limits, equation (7) can be used. 
That is: 


| : Vv | | 
% error 0,67 R ee x 107! (3°) 


when Viv i 5000 x 10° 
2 
and R 2 1000 


To summarize, vertical resistance dividers of the type used in this investi- 
gation will be accurate to within 3 percent if the resistance is not greater than 
shown in the following table and if a divider of minimum length is used. 


Rate of Rise of © Divider Total 
Applied Wave (KV/psec ) Resistance (Ohms 

1000 | 14,500 

2000 2250 

3000 : 1500 

1,000 1125 

590 1000 

DISCU SSION 


The oscillations developed within the divider imposed the limitation of 1,500 
kv/psec. To measure faster rates of rise would be feasible with the present 
dividers.if some increase in distortion is acceptable. By reducing the inductance 
of the resistance cards the period and amplitude of the oscillations would be reduced 
so that steeper rates of rise could be measured. However, as equation (8): shows, 
the resistance or capacitance would have to be reduced in order to maintain the 
accuracy. itis difficult to reduce the capacitance very much since the resistance 
cards must be large enough to withstand the voltage and wattage requirements, Even 
if the divider could be reduced in cross-section to the size of a No. 16 wire, the _ 
capacitance would only be reduced to about half of the present valve. Consequently 
to maintain th accuracy the resistance would have to be reduced. This would cause 
some problems, First, the lower resistance will cause greater regulation of the 
test circuit which may be undesirable. Second, for the same divider ratio, the low 
voltage resistor will have to be decreased proportionally and the inherent inductance 
of the connecting leads to this resistor will cause greater distortion of the response 
wave. Of course, methods for taking care of this latter problem can be developed. 
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It seems probable that uncompensated vertical resistance dividers can be further 
improved to the point where they can be used to measure with good accuracy rates of 
rise of the order of 10,000 kv/psec. Beyond this point it may be necessary to pro- 
vide some means of compensation or to develov new techniques, The most common 
approach for providing compensation is through the use of a line shield physically 
surrounding the upper portion of the divider, Ideally such a shield would be pros 
portioned so the capacitive currents from theshield to any point on the divider would 
exactly equal the capacitive current from that point to ground. The proper shield 
is generally determined by a trial and error process aided by flux plotting, The 
major drawback to the use of a line shield is that it causes an increase in the 
Capacitance to ground at the line end of the divider which tends to aggravate the 
oscillations involving the line lead, These oscillations make the voltage at the 
divider different from the voltage at the test piece dnd of the line lead, The 
increased oscillations may then offset the improved response of the divider 
proper. 


CONCLUSIONS 


1. A technique for the direct measurement of the response of impulse voltage 
dividers has been developed, This technique involves a comparison of the divider 
input and response waves through the use of a svitable amplifier, and includes a 
calibration of the test equipment. , 


2o When the divider is of minimum length, the divider elements used by the 
authors have a capacitance of about 0.0! ppf/kv and an inductance of about 0,0) 


ph/kv. 


3. With short line lead, resistance greater than 1,000 ohms, and rate of voltage 
rise less than 4,500 kv/psec, the error in measuring steep-front waves with a divider 
composed of such elemets.can be readily calculated. 


4. To limit the error to 3 percent when measuring a steep-front wave with a 
rate of rise of 1000 kv/ysec the resistance of such a divider should not exceed 
1,500 ohms, 


5. Oscillations, either within the divider or involving the line lead, limit 
the short.time response of resistance dividers, With care, however, unéompensated 
vertical resistance dividers similar to those used by the authors are capable of 
measuring waves with rates of rise as great as ),500 kv/psec with no-more than 3 
percent error, : 


6. By reducing the inductance of the divider elements it should be possible 
to reduce the resistance to a value that will permit measurement of waves with rates 
of rise as fast as 10,000 kv/psec with uncompensated resistance dividers. 


7. The paper indicates that the short-time measurement recommendation in AIFE 
standard #) may need revision to take into account divider height and to place more 
realistic limitations on the allowable divider resistance. 


APPENDIX I 
Griscom, Lloyd, and Hileman have derived the following equation for the response 


of resistance dividers assuming a constant stray capacitance per foot of length. ‘the 
applied wave has a linear rising front of slope m. 


eer ~ a OT 


a a a3 


2 net Onet 
aT ee din < (1) 
“ ol _i ai : ; 
Ep = | 6b a2 (0 817) zh E fy 5 ‘a T 
where E, = per unit voltage across the low voltage resistor at bottom end of the * 
divider, 
This can be written as 
2 | 2 
| ee umn bat oy atten... 1 (2) 
Ep = 1- 2 (0.817) + 2(e “RO -Sg° RO +27 RC 
eG Ta 4 7 | 
where R = total resistance 
C = total stray capacitance 
The error in percent will be 
- BR 
_Erfor = sg .x% LOO 
2 ZA 2 
a ie Tt 9G 
e 2RC no i - aoe ile -e 
<= (0.817) + SoHE ROU pe OR + e& 7  kC 
eee c coves eee x 100° (3) 


2 : 
When aa =5, that is RC $ 2t, all terms but the first are essentially 
zero and 


Error = RC x. 100 


6t 


When RC = 2t, the error is 33 percent. For smaller values of RC the error 
will be correspondingly less. : (1) 
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